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(54) SEAT BELT RETRACTOR 

(57) A seat belt retractor (1), comprising a connect- 
ing mechanism (8) which, in an emergency of a vehicle, 
allows a spindle (4) to be torsionally deformed until the 
amount of torsionally deformed rotation of the left end 
part of the spindle (4) relative to the part of the spindle 
(4) near the right end reaches a specified value and 
connects the part of the spindle (4) near the right end to 



a wind up drum (3) unrotatably relative to each other 
when the amount of the torsionally deformed rotation 
reaches the specified value, whereby the kinetic energy 
of an occupant can be absorbed in an emergency of a 
vehicle and finally the occupant can be arrested 
securely by a webbing. 
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Description 

Technical Field 

[0001 ] This invention concerns a seat belt retractor, in 
particular, it concerns a seat belt retractor made so that 
in a vehicle emergency it absorbs the energy imposed 
on a passenger by the torsional deformation of the spin- 
dle shaft, which functions as a torsion bar, and finally 
holds the passenger securely in the webbing. 

Background Technology 

[0002] Heretofore in a seat belt retractor mounted on 
a vehicle, when there is a vehicle emergency such as a 
vehicle collision, an emergency locking mechanism 
locks the winding drum so that it cannot rotated in the 
direction by which the webbing would be pulled out, pre- 
venting the webbing from being pulled out of the wind- 
ing drum. 

[0003] But when the deceleration of the vehicle 
becomes very high in a vehicle emergency, it is undesir- 
able that the load that a passenger receives from the 
webbing should become very large. Thus in recent seat 
belt retractors, an emergency locking mechanism 
causes the winding drum to get into a roughly locked 
state, and when the load acting on the webbing 
becomes large, the energy is absorbed by an energy 
absorption means while rotation of the winding drum is 
allowed, thus easing the impact that acts on the passen- 
ger. 

[0004] For example, Japanese Laid-open Patent Pub- 
lications No. 7-277136 and No 7-101310 disclose a 
seat belt retractor in which a deformation member as 
the energy absorption means is provided around the 
outside surface of the winding drum. In this seat belt 
retractor, during a vehicle emergency the winding drum 
is locked unrotatably by an emergency locking mecha- 
nism, and when a large load acts on the webbing, the 
deformation member deforms in its diameter-shrinking 
direction, thus absorbing the energy by the deformation. 
But a seat belt retractor of this type has a complex struc- 
ture and is troublesome to assembly. 
[0005] Meanwhile, Japanese Laid-open Patent Publi- 
cations No. 6-156884 discloses a seat belt retractor that 
employs a torsion bar as the energy absorption means. 
In this seat belt retractor, the torsion bar goes through 
the winding drum, and one end of it is coupled to the 
winding drum so that they cannot rotate relative to each 
other. 

[0006] A head part is formed on the other end of the 
torsion bar, and in the state in which this head part is 
locked unrotatably by the emergency locking mecha- 
nism during a vehicle emergency, when a prescribed 
load (for example, 4 kN) acts on the webbing, one end 
of the torsion bar rotates together with the drum, the tor- 
sion bar is torsionally deformed, and the energy is 
absorbed through this torsional deformation. A seat belt 



retractor that employs this torsion bar is superior in that 
it has a simple structure and is easy to assemble, and 
its energy absorption performance is stable and highly 
reliable. 

5 [0007] But with the seat belt retractor of Japanese 
Laid-open Patent Publications No. 6-156884, when a 
vehicle emergency occurs, the emergency locking 
mechanism locks only the head part of the torsion bar, 
not the end of the torsion bar, so even if a very great 

io load acts on the webbing, rotation of the winding drum 
is not restricted, hence the torsion bar continues to 
undergo torsional deformation, and there is risk that the 
extension of the webbing will exceeds its critical value or 
that the torsion bar will break, losing the function of 

is restraining the body. In particular, it will easily break 
when the torsion bar undergoes repeated torsional 
deformation when, for example, the vehicle, like a bil- 
liard ball, collides with one obstruction after another. 
[0008] The purpose of this invention is, in a seat belt 

so retractor equipped with a spindle shaft that functions as 
a torsion bar, to absorb the kinetic energy of the passen- 
ger during a vehicle emergency and ultimately to 
securely restrain the passenger with the webbing. 

25 Disclosure of the Invention 

[0009] The seat belt retractor of this invention - in a 
seat belt retractor that has a winding drum onto which 
the webbing winds and a spindle shaft whose end 

30 engages with the winding drum to prevent their mutual 
rotation and which functions as a torsion bar, made so 
as to absorb energy by torsional deformation of the 
spindle shaft during a vehicle emergency - has a cou- 
pling mechanism whereby at the time of a vehicle emer- 

35 gency, torsional deformation of the spindle shaft is 
allowed until the torsional deformation rotation of one 
end of the spindle shaft with respect to the part near the 
other end reaches a prescribed value, and when the tor- 
sional deformation rotation reaches the prescribed 

40 value, the part near the other end of the spindle shaft 
and the winding drum are coupled unrotatably with 
respect to each other. 

[0010] The prescribed value of torsional deformation 
rotation is a value at which the spindle shaft does not 

45 break and is set to a value whereby the passenger does 
no* reach the steering wheel due to the extension of the 
webbing due to the torsional deformation of the spindle 
shaft. The load that acts on the passenger from the 
webbing when the spindle shaft undergoes torsional 

so deformation can be appropriately set by appropriately 
designing the spindle shaft of the right shape and mate- 
rial, etc. 

[0011] In this seat belt retractor, one end of the spindle 
shaft engages with the winding drum so that they can- 
55 not rotate with respect to each other, and thus in a vehi- 
cle emergency the rotation of the other end of the 
spindle shaft is locked by some sort of emergency lock- 
ing mechanism, and when a large load, for example 4 
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kN or more, acts on the webbing, the winding drum 
rotates together with the one end of the spindle shaft, 
which torsionally deforms, absorbing energy by its tor- 
sional deformation. Thereafter, when the torsional 
deformation rotation reaches a prescribed value, the 
part near the other end of the spindle shaft and the 
winding drum are coupled by a coupling mechanism so 
that they cannot rotate relative to each other, the wind- 
ing drum no longer rotates, extension of the webbing 
from the winding drum is prevented, and the passenger 
is securely restrained by the webbing. 

[001 2] Therefore, if a very large load acts on the web- 
bing during a vehicle emergency, or even if the vehicle 
collides multiple times and the spindle shaft undergoes 
repeated torsional deformation, the kinetic energy of the 
passenger is absorbed, breakage of the spindle shaft is 
surely prevented, and finally the passenger can be 
securely restrained by the webbing, thus making it pos- 
sible to surely prevent secondary impact of the passen- 
ger with the steering wheel or windshield and ensuring 
the safety of the passenger. 

[001 3] The seat belt retractor of another mode of this 
invention has -- in a seat belt retractor that absorbs 
energy by the torsional deformation of a torsion bar in a 
vehicle emergency - a drum on which the webbing is 
wound; a spindle shaft that is positioned to pierce this 
winding drum, and whose one end engages with the 
winding drum so that they cannot rotate relative to each 
other, and that has a torsion bar part; an emergency 
locking means that unrotatably locks the part near the 
other end of the spindle shaft when a vehicle emer- 
gency occurs; and a coupling mechanism that, following 
operation of the emergency locking means, causes the 
winding drum and one end of the spindle shaft to rotate 
integrally by the tension acting on the webbing and 
allows torsional deformation of the spindle shaft until the 
torsional deformation rotation of one end of the spindle 
shaft with respect to the part near the other end in the 
webbing pull-out direction reaches a prescribed value, 
and, when the torsional deformation rotation reaches 
the prescribed value, couples the part near the other 
end of the spindle shaft and the winding drum so that 
they cannot rotate relative to each other. 
[0014] As stated above, the prescribed value of the 
torsional deformation rotation is a value at which the 
spindle shaft does not break and is set to a value 
whereby the passenger does not reach the steering 
wheel due to the extension of the webbing due to the 
torsional deformation of the spindle shaft. Also, the load 
that acts on the passenger from the webbing when the 
spindle shaft undergoes torsional deformation is as 
stated above. 

[0015] In this seat belt retractor, the part near the 
other end of the spindle shaft is locked unrotatably by 
the emergency locking mechanism when a vehicle 
emergency occurs, and when a large load, for example 
4 kN or more, acts on the webbing, the winding drum 
rotates together with the one end of the spindle shaft, 



whose torsion bar part torsionally deforms, absorbing 
energy by its torsional deformation. Thereafter, when 
the torsional deformation rotation reaches the pre- 
scribed value, the part near the other end of the spindle 

5 shaft and the winding drum are coupled by a coupling 
mechanism so that they cannot rotate relative to each 
other, the winding drum no longer rotates, extension of 
the webbing from the winding drum is prevented, and 
the passenger is securely restrained by the webbing. 

10 With this seat belt retractor, as stated above, the kinetic 
energy of the passenger is absorbed, secondary impact 
of the passenger with the steering wheel or windshield 
is surely prevented, and the safety of the passenger is 
ensured. 

is [0016] Here, in the aforesaid seat belt retractor, it is 
desirable to have in the coupling mechanism a 
threaded-connection mechanism having female thread- 
ing formed on one side of the part near the other end of 
the spindle shaft and the winding drum, and male 

20 threading formed on the other side that screws into the 
female threading. Until the torsional deformation rota- 
tion of the spindle shaft reaches the prescribed value 
during a vehicle emergency, the winding drum is 
allowed to rotate relative to the part near the other end 

2s of the spindle shaft, allowing torsional deformation of 
the spindle shaft, and when the torsional deformation 
rotation reaches the prescribed value, the female 
threading and male threading of the threaded-connec- 
tion mechanism are coupled so as to be unable to rotate 

30 relative to each other, making it possible to couple the 
part near the other end of the spindle shaft and the 
winding drum so that they cannot rotate with respect to 
each other. 

[001 7] Also, in the coupling mechanism it is desirable 

35 to have a threaded-connection mechanism having 
female threading formed on one side of the winding 
shaft and a ratchet wheel that constitute part of the 
emergency locking means that unrotatably locks the 
part near the other end of the spindle shaft when a vehi- 

40 cle emergency occurs, and male threading formed on 
the other side. Until the torsional deformation rotation of 
the spindle shaft reaches the prescribed value during a 
vehicle emergency, the winding drum is allowed to 
rotate relative to the ratchet wheel, allowing torsional 

45 deformation of the spindle shaft, and when the torsional 
deformation rotation reaches the prescribed value, the 
female threading and male threading of the threaded- 
connection mechanism are coupled so as to be unable 
to rotate relative to each other, making it possible to 

so couple the part near the other end of the spindle shaft 
and the winding drum via the ratchet wheel so that they 
cannot rotate with respect to each other. 
[0018] It is desirable to constitute the coupling mech- 
anism so that the part near the other end of the spindle 

55 shaft and the winding drum are coupled by putting the 
part near the other end of the spindle shaft and the 
winding drum in contact with each other. When the tor- 
sional deformation rotation reaches the prescribed 
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value during a vehicle emergency, the part near the 
other end of the spindle shaft and the winding drum 
come into contact with each other, and the part near the 
other end of the spindle shaft and the winding drum are 
coupled securely. 5 

[0019] It is desirable to constitute the coupling mech- 
anism so that it couples the part near the other end of 
the spindle shaft and the winding drum by bringing a 
ratchet wheel and the winding drum into contact with 
each other. When the torsional deformation rotation 10 
reaches the prescribed value during a vehicle emer- 
gency, the ratchet wheel and the winding drum come 
into contact with each other, and the part near the other 
end of the spindle shaft and the winding drum are 
securely coupled via the ratchet wheel . is 
[0020] It is desirable to provide in the coupling mech- 
anism a ring member that is thread-connected on the 
outside with the part near the other end of the spindle 
shaft, and that fits inside unrotatably with respect to the 
winding drum. Until the torsional deformation rotation of 20 
the spindle shaft reaches the prescribed value during a 
vehicle emergency, the ring member, together with the 
winding drum, is allowed to rotate relative to the spindle 
shaft and deformation of the spindle shaft is allowed, 
and when the torsional deformation rotation reaches the 25 
prescribed value, the ring member is coupled to the part 
near the other end of the spindle shaft so that they are 
unable to rotate relative to each other, and it is possible, 
via the ring member, to couple the part near the other 
end of the spindle shaft and the winding drum so that 30 
they are unable to rotate relative to each other. 
[0021] It is desirable to provide in the coupling mech- 
anism a ring member that is thread-connected on the 
outside with a ratchet wheel that constitutes part of an 
emergency locking means that unrotatably locks the 35 
part near the other end of the spindle shaft during a 
vehicle emergency, and that fits inside unrotatably with 
respect to the winding drum. Until the torsional deforma- 
tion rotation of ttie spindle shaft reaches the prescribed 
value during a vehicle emergency, the ring member, 40 
together with the winding drum, is allowed to rotate rel- 
ative to the ratchet wheel and deformation of the spindle 
shaft is allowed, and when the torsional deformation 
rotation reaches the prescribed value, the ring member 
is coupled to the ratchet wheel so that they are unable 45 
to rotate relative to each other, and it is possible, via the 
ring member and the ratchet wheel, to couple the part 
near the other end of the spindle shaft and the winding 
drum so that they are unable to rotate relative to each 
other. so 
[00&2] It is desirable to constitute the outer perimeter 
of the ring member in spline form and to spline-couple 
the ring member to the winding drum. When the ring 
member rotates relative to the spindle shaft or ratchet 
wheel, movement of the ring member toward the center ss 
of the shaft as referred to above, and extension and 
contraction of the spindle shaft due to torsional defor- 
mation can also be allowed. And because the ring mem- 



ber can be made small enough to securely fit inside the 
winding drum, the coupling mechanism can be made 
small, and because, after coupling of the ring member, 
the load from the winding drum can be input to the ring 
member by dispersing it through the multiple spline 
teeth of the ring member, this ring member makes it 
possible to surely catch the load and make the winding 
drum unrotatable. 

[0023] It is desirable to fit the ring member inside the 
winding drum so that it can move relatively toward its 
shaft center. When the ring member rotates with 
respect to the spindle shaft or ratchet wheel, movement 
of the ring member in the shaft-center direction can be 
allowed, and expansion and contraction due to torsional 
deformation of the spindle shaft can also be allowed. 
[0024] It is desirable to constitute the coupling mech- 
anism so that the part near the other end of the spindle 
shaft and the winding drum are coupled by bringing the 
ring member into contact with the winding drum. When 
the torsional deformation rotation reaches the pre- 
scribed value during a vehicle emergency, the ring 
member and the winding drum come into contact with 
each other, and the part near the other end of the spin- 
dle shaft and the winding drum are securely coupled via 
the ring member. 

[0025] It is desirable to constitute the coupling mech- 
anism so that the part near the other end of the spindle 
shaft and the winding drum are coupled by bringing the 
ring member into contact with the ratchet wheel. When 
the torsional deformation rotation reaches the pre- 
scribed value during a vehicle emergency, the ring 
member and the ratchet wheel come into contact with 
each other, and the part near the other end of the spin- 
dle shaft and the winding drum are securely coupled via 
the ring member and ratchet wheel. 

Brief Explanation of the Drawings 

[0026] 

Figure 1 is an exploded perspective view of the seat 
belt retractor relating to an embodiment of this 
invention; 

Figure 2 is a perspective view of the seat belt 

retractor from the upper left; 

Figure 3 is a perspective view of the seat belt 

retractor from the upper right; 

Figure 4 is a perspective view of the main parts of 

the seat belt retractor; 

Figure 5 is a cross-sectional view of the main parts 
of the seat belt retractor; 

Figure 6 is a cross-sectional view of Figure 5 along 
line VI- VI; 

Figure 7 is a cross-sectional view of Figure 5 along 
Vll-Vli; 

Figure 8 is a cross-sectionai view of the main parte 
of the seat belt retractor; 

Figure 9 is a cross-sectional view of the main parts 
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of the seat belt retractor; 

Figure 10 is a diagram of the load characteristics 
acting on the webbing; 

Figure 11 is a cross-sectional view of the main 
parts of the seat belt retractor of modified embodi- 
ment 1 ; and 

Figure 12 a cross-sectional view of the main parts 
of the seat belt retractor of modified embodiment 2. 

Best Mode for Carrying Out the Invention 

[0027] In the following we describe an embodiment of 
this invention, with reference to the drawings. 
[0028] This embodiment is an example in the case 
where this invention is applied to a seat belt retractor 
that absorbs energy through the torsional deformation 
of a spindle shaft that functions as a torsion bar, during 
a vehicle emergency such as a vehicle collision. The 
front and rear and left and right in Figure 1 is descrfoed 
as the front and rear and left and right. 
[0029] As shown in Figures 1 through 3, seat belt 
retractor 1 has metal housing 2, which is secured to the 
body of the vehicle; winding drum 3, which is mounted 
on housing 2 and on which webbing W is wound; spin- 
die shaft 4, which is arranged so as to go through wind- 
ing drum 3 and whose left end engages with winding 
drum 3 so not to be mutually rotatable; rotation impelling 
mechanism 5, which at all times urges winding drum 3 
to rotate in the wind-up direction; forced winding mech- 
anism 6, which during a vehicle collision or other vehicle 
emergency forcible causes winding drum 3 to rotate in 
the wind-up direction and winds webbing W; emergency 
locking mechanism 7, which during a vehicle emer- 
gency unrotatably locks the part near the right end of 
spindle shaft 4; and coupling mechanism 8, which 
allows torsional deformation of spindle shaft 4 until the 
torsional deformation rotation of the left end of spindle 
shaft 4 with respect to the part near its right end reaches 
a prescribed value in a vehicle emergency and which, 
when the torsional deformation rotation reaches the 
prescribed value, couples the part near the right end of 
spindle shaft 4 and winding drum 3 so that they are una- 
ble to rotate relative to each other. 
[0030] As shown in Rgures 1 through 3, housing 2 is 
formed integrally from left-side wall 10, right-side wall 
1 1 , rear wall part 1 2, which joins the upper rear ends of 
left-side wall 10 and right-side wall 1 1 , and joining plate 
part 13, which joins the lower rear parts of left-side wail 
10 and right-side wall 11; and attachment plate 13a ( 
which is securely attached to rear wail part 12 and 
extends downward, is joined to the body of the vehicle 
by bolts, etc. The upper front ends of left-side wall 10 
and right-side wall 11 are joined to bar member 14, 
which is in a left-right orientation. 
[0031] Circular openings 15 and 16, whose diameter 
is smaller than that of winding drum 3, are formed coax- 
ially in left-side wall 10 and right-side wall 11, and 
mounted on the lower part of the right surface of right- 



side wall 1 1 are pawl 60 and holder 67 of emergency 
locking mechanism 7. Formed between rear-side wall 
12 and joining plate part 13 is rectangular opening 17, 
and although not shown, when almost ail of webbing W 
5 is wound onto winding drum 3, the rear-end part of web- 
bing W, whose diameter has grown large, is retracted 
inside opening 1 7 so that there is no mutual interference 
with housing 2. 

[0032] As shown in Figures 1 through 3 and Figures 5 
w through 7, winding drum 3 has barrel part 20, onto 
whose outer circumference webbing W is wound, left 
flange 21 , and right flange-shaped part 22, and formed 
in its central axis part is piercing hole 23, which is in left- 
right orientation and which spindle shaft 4 pierces. 
is Formed on left flange 21 is spline hole 24, and formed 
on the left-end part of winding drum 3 is insertion hole 
25, which aligns with piercing hole 23 and spline hole 24 
and whose diameter is larger than that of piercing hole 
23. 

20 [0033] Right flange-shaped part 22 is formed wide on 
left and right, and formed in its middle part is spline- 
shaped fitting hole 26, which aligns with piercing hole 23 
and whose diameter is larger than that of piercing hole 
23; fitted into this fitting hole 26 is ring member 70 of 

25 coupling mechanism 8 so that it cannot rotate relatively 
and can move relatively left and right. Formed in barrel 
part 20 is webbing piercing opening 27 for fitting and 
anchoring the base end of webbing W. 
[0034] As shown in Figure 1 and in Figures 4 through 

30 7, spindle shaft 4 is formed integrally from torsion bar 
part 30, which torsionally deforms when torsional torque 
greater than a prescribed value acts on it, knurled shaft 
part 31 on the left end of torsion bar part 30, spline shaft 
part 32 on the right end of torsion bar part 30; knurled 

35 shaft part 31 , via cap member 35, engages with the left 
end of winding drum 3 so as to be mutually unrotatable, 
and coupled mutually unrotatably to spline shaft part 32 
is ratchet wheel 50 of emergency locking mechanism 7. 
[0035] Cap member 35 has spline-shaped engaging 

40 part 36, cylinder 37, which extends rightward from 
engaging part 36, and knurled hole part 38, which is 
formed on the inside of cylinder 37; engaging part 36 
engages with spine hole 24 of winding drum 3, cylinder 
37 fits inside insertion hole 25, and knurled shaft part 31 

45 of spindle shaft 4 engages with knurled hole part 38. 
Also, formed integrally with cap member 35 is coupling 
shaft part 39, which has a square cross-section and 
extends leftward from engaging part 36; this coupling 
shaft part 39 is coupled dynamically to forced winding 

so mechanism 6 and rotation impelling mechanism 5. 
[0036] And although not shown, the cylinder-shaped 
part of base end part of webbing W fits around torsion 
bar part 30 of spindle shaft 4, and webbing W extends 
from torsion bar part 30 through webbing insertion 

55 opening 27 in barrel part 20 of winding drum 3 and is 
attached to barrel part 20. 

[0037] As shown in Figures 1 through 3, rotation 
impelling mechanism 5 has a flat spiral spring that 
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impels coupling shaft part 39 In the wind-up direction, 
being a flat spiral spring (not shown) housed inside 
spring accommodation cap 40, which is anchored to 
casing 41 of forced winding mechanism 6, and forced 
winding mechanism 6 has gas generator 43, which gen- 
erates pressurized gas when a vehicle emergency 
occurs, and a gas pressure drive mechanism (not 
shown) that causes winding drum 3 to rotate in the 
wind-up direction via cap member 35 by the gas pres- 
sure generated by gas generator 43. A detailed descrip- 
tion of rotation impelling mechanism 5 and forced 
winding mechanism 6 is omitted, because such mecha- 
nisms are well known. 

[0038] We describe the emergency locking mecha- 
nism 7. As shown in Figures 1 through 4, emergency 
locking mechanism 7 has ratchet wheel 50, which is 
coupled to spline shaft part 32 of spindle shaft 4 so that 
they cannot rotate relative to each other; a first locking 
mechanism, which responds to the sudden pullout of 
webbing W and locks the rotation of ratchet wheel 50; 
and a second locking mechanism, which responds to 
the sudden deceleration when a vehicle emergency 
occurs and locks the rotation of ratchet wheel 50. Also, 
emergency locking mechanism 7 is covered by cover 
member 7a, which is secured to right-side wail 1 1 of 
housing 2. 

[0039] As shown in Figures 4 and 5, ratchet wheel 50 
is formed integrally from gear part 53, around whose cir- 
cumference is formed ratchet gear 54; guide part 55, 
whose diameter is smaller than that of gear part 53 and 
which is provided on the left side of gear part 53; and 
cylinder 56, whose diameter is smaller than that of 
guide part 55 and which extends leftward from guide 
part 55; and spline shaft part 32 of spindle shaft 4 
engages with spline hole 58, which is formed in gear 
part 53 and guide part 55. Gear part 53 is arranged on 
the right side of right-side wall 11 of housing 2, and 
guide part 55 is supported rotatably, via ring-shaped 
bearing 57, which is made of synthetic resin, on the cir- 
cumferential surface part of circular opening 16 formed 
in right-side wall 11, and ring member 70 is thread-con- 
nected on the outside with cylinder 56. 
[0040] The first locking mechanism includes pawl 60, 
which is pivotaliy supported rotatably on shaft part 19, 
which is fixed to right-side wall 1 1 of housing 2 and 
which can engage with ratchet gear 54; clutch member 
62, which is pivotaliy supported on coupling shaft part 
33 of spindle shaft 4 and in which is formed guide part 
62a, which guides pawl 60 in the engaging-disengaging 
direction with respect ratchet gear 54; lock arm base 66, 
which is coupled to coupling shaft part 33 and is accom- 
modated in cylinder 62b of clutch member 62; lock arm 
64, which is supported rockabiy in this lock arm base 66 
and on which is formed projection 64a, which engages 
with inner teeth 62c formed inside cylinder 62b of clutch 
member 62, and which normally is impelled in the direc- 
tion so that this projection 64a does not engage with 
inner teeth 62c; locking gear 65, which is pivotaliy sup- 



ported on coupling shaft part 33 and is prevented from 
coming out by rivet 61; and a lock arm guide (not 
shown) that makes contact with lock arm 64 and is fric- 
tionally connected to locking gear 65. 

5 [0041] In the normal state, pawl 60 is rotationally 
impelled by torsion spring 63 into a non-engaged posi- 
tion in which it does not engage with ratchet gear 54, 
and when webbing W is suddenly pulled out and cou- 
pling shaft part 33 rotates, a rotation delay in locking 

io gear 65 arises with respect to lock arm base 66, a rota- 
tion delay also arises in the lock arm guide, and as a 
result, lock arm 64 rotates against the force of the 
spring, and its projection 64a engages with inner teeth 
62c. Then clutch member 62 rotates and is guided by 

15 guide part 62a of clutch member 62, pawl 60 rotates 
against the impelling force of torsion spring 63 and 
engages with ratchet gear 54, and together with ratchet 
wheel 50 the rotation of spline shaft part 32 of spindle 
shaft 4 is locked. 

20 [0042] The second locking mechanism has - on the 
right side of pawl 60, clutch member 62, lock arm base 
66, lock arm 64, and lock arm 64, which it shares with 
the first locking mechanism locking gear 65, which is 
pivotaliy supported on coupling shaft part 33 and is pre- 

25 vented from coming out by rivet 61 ; holder 67, which is 
fixed to right-side wall 10 of housing 2; spherical inertial 
mass 68, which is accommodated in holder 67; and 
rocking lever 69 which is rockabiy coupled to holder 67 
and can engage with locking gear 65. 

30 [0043] In the normal state, locking gear 65 rotates 
integrally with coupling shaft part 33 of spindle shaft 4 
via frictional force, and when the vehicle suddenly 
decelerates, inertial mass 68, which is accommodated 
in holder 67, moves, rocking lever 69 rocks and 

35 engages with rocking gear 65, and the rotation of rock- 
ing gear 65 is locked. Then, by the relative rotation of 
lock arm 64 with respect to the lock arm guide of locking 
gear 65, its projection 64a engages with inner teeth 62c, 
clutch member 62 rotates, and, as described above, 

40 together with ratchet wheel 50 the rotation of spline 
shaft part 32 of spindle shaft 4 is locked. 
[0044] We describe the coupling mechanism 8. As 
shown in Figures 1 , 5, and 7 through 9, coupling mech- 
anism 8 has ring member 70, which is thread-con - 

45 nected on the outside, via threaded-connection 
mechanism 75, with cylinder 56 of ratchet wheel 50, 
which is coupled to spline shaft part 32 of spindle shaft 
4 so that they cannot rotate relative to each other. The 
outer circumference of this ring member 70 is consti- 

so tuted in a spline shape, and ring member 70 fits into fit- 
ting hole 26 of winding drum 3 and is spline-coupled so 
that it cannot rotate relative to winding drum 3 and can 
move relative to its shaft-center direction (the left-right 
direction). 

55 [0045] The threaded-connection mechanism 75 con- 
sists of female threading 76, which is formed on the 
inskJe circumference of ring member 70, and male 
threading 77, which is formed on the outside circumfer- 
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ence of cylinder 56 of ratchet wheel 50 and threads into 
female threading 76; male threading 77 of cylinder 56 
and female threading 76 of ring member 70 are formed 
into positive threading, and when ring member 70 
rotates with respect to cylinder 56 in the direction indi- 
cated by arrow A in Figure 7, it moves in the left-right 
direction indicated by arrow B in Figures 5 and 8, and as 
shown in Figure 9, the right end face of ring member 70 
comes into contact with the left end face of guide part 
55 of ratchet wheel 50, and ring member 70 and cylin- 
der part 56 are made integral and become unable to 
rotate relative to each other. 

[0046] This coupling mechanism 8 is constructed so 
that when a vehicle emergency occurs, until the tor- 
sional deformation rotation of knurled shaft part 31 of 
spindle shaft 4 with respect to spline shaft part 32 
reaches the prescribed value at which the rotation of the 
ring member 70 becomes impossible, torsional defor- 
mation of torsion bar part 30 of spindle shaft 4 is 
allowed, and when the torsional deformation rotation 
reaches the prescribed value, spline shaft part 32 of 
spindle shaft 4 and winding drum 3 are coupled unrotat- 
ably relative to one another via ring member 70 and 
ratchet wheel 50. 

[0047] Here, the number of revolutions that ring mem- 
ber 70 can rotate with respect to cylinder 56 until the 
right end face of ring member 70 comes into contact 
with the left end face of guide part 55, that is, the tor- 
sional deformation rotation, can be set simply by begin- 
ning from the state in which the right end face of ring 
member 70 is in contact with the left end face of guide 
part 55, then causing ring member 70 to rotate the 
desired number of rotations in the reverse direction from 
the above. In this case, so that ring member 70 does not 
rotate too easily, it is desirable to apply a resin coating 
to cylinder 56 so that frictionai force acts to a certain 
extent between cylinder 56 and ring member 70. 
[0048] Next, we describe the operation of seat belt 
retractor 1, referring to the load characteristics that 
operate on webbing W in Figure 10. in the normal state, 
emergency locking mechanism 7 does not operate, so 
webbing W can be freely pulled out from winding drum 
3 and put against the pelvis and chest of the passenger 
sitting in the seat. 

[0049] In the state in which webbing W is against the 
body of the passenger, when a vehicle collision or other 
vehicle emergency occurs, forced winding mechanism 6 
forcibly causes winding drum 3 to rotate in the wind-up 
direction, winding slack webbing W into winding drum 3 
and tightening it, emergency locking mechanism 7 locks 
spline shaft part 32 of spindle shaft 4 unrotatably, then, 
after webbing W is wound tighter on winding drum 3, 
webbing W is payed out, and the load acting on webbing 
W increases. 

[0050] Then, when the extension of webbing W 
reaches Li and the load acting on webbing W reaches 
the prescribed W1 , torsion bar part 30 of spindle shaft 4 
undergoes torsional deformation, knurled shaft part 31 , 



together with winding drum 3, rotates with respect to 
spline shaft part 32, which is locked by spindle shaft 4, 
the kinetic energy of the passenger is absorbed by the 
torsional deformation of torsion bar part 30, and web- 
5 bing W pays out while the load on the passenger from 
webbing W gradually increases from W1 . At this time, 
ring member 70, which rotates together with winding 
drum 3, moves rightward through the state of Figure 8. 

[0051 ] Normally, all kinetic energy is absorbed before 
w the webbing extension reaches 12. But if the load acting 
on webbing W reaches W2 and the torsional deforma- 
tion rotation of torsion bar part 30 of spindle shaft 4 
reaches the prescribed value, then as shown in Figure 
9, the right end face of ring member 70 comes into con- 
15 tact with the left end face of guide part 55, ring member 
70 and ratchet wheel 50 become integral, spline shaft 
part 32 becomes coupled via ratchet wheel 50 and ring 
member 70 with winding drum 3 so that they cannot 
rotate relative to each other, and breakage of torsion bar 
20 part 30 is prevented. In this way, winding drum 3 is com- 
pletely restrained from rotation, payout of webbing W is 
prevented, and the passenger is securely restrained by 
webbing W. 

[0052] Thus with the seat belt retractor 1 , because 

25 coupling mechanism 8 is provided, after operation of 
emergency locking mechanism 7, torsional deformation 
of torsion bar part 30 is allowed until the torsional defor- 
mation rotation of knurled shaft part 31 of spindle shaft 
4 in the webbing pullout direction with respect to spline 

30 shaft part 32 reaches the prescribed value, and when 
the torsional deformation rotation reaches the pre- 
scribed value, spline shaft part 32 of spindle shaft 4 and 
winding drum 3 can be coupled so that they cannot 
rotate relative to each other. 

35 [0053] As a result, if during a vehicle emergency a 
large load acts on webbing W, or even if the vehicle col- 
lides several times at once and spindle shaft 4 is 
deformed repeatedly, the kinetic energy of the passen- 
ger will be absorbed and breakage of spindle shaft 4 will 

40 be surely prevented, and ultimately the passenger will 
be securely restrained by webbing W, thereby surely 
preventing the passenger from being involved in sec- 
ondary collisions, such as with the steering wheel or 
windshield, making it possible to ensure the safety of 

45 the passenger. Loads W1 and W2 can be appropriately 
set by appropriately designing torsion bar part 30 to 
have the appropriate length, diameter, material, and 
allowed value of torsional deformation rotation (the pre- 
scribed value), etc. 

so [0054] Moreover, the operation can be surely realized 
with a simple structure because coupling mechanism 8 
has ring member 70, which is thread-connected on the 
outside with cylinder 56 of ratchet wheel 50, which is 
coupled to spline shaft part 32 of spindle shaft 3, and 

55 whose outer circumference part is constructed in spline 
shape and fits into and is spline-coupled with winding 
drum 3 so that they cannot rotate relative to each other; 
and because ring member 70 fit into winding drum 3 in 
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its shaft-center direction so that they cannot rotate rela- 
tive to each other, when ring member 70 rotates relative 
to ratchet wheel 50, rightward movement of ring mem- 
ber 70 can be allowed, and extension and compression 
due to torsional deformation of spindle shaft 4 can also 5 
be allowed. 

[0055] Because the outer circumference part of ring 
member 70 is constructed in spline shape and ring 
member 70 is spline-coupled to winding drum 3, ring 
member 70 can be made small and can be surely to 
assembled inside winding drum 3, so coupling mecha- 
nism 8 can be made small; moreover, after coupling of 
ring member 70, the load from winding drum 3 can be 
input to ring member 70 dispersed via the multiple 
spline teeth of ring member 70, so the load can be 15 
surely caught by this ring member 70 and winding drum 
3 can be made unrotataWe. 

[0056] In addition, because coupling mechanism 8 
couples spline shaft part 32 of spindle shaft 4 and wind- 
ing drum 3 by causing ring member 70 to come into con- 20 
tact with ratchet wheel 50, when the torsion deformation 
rotation reaches the prescribed value during a vehicle 
emergency, ring member 70 and ratchet wheel 50 are 
brought into contact with each other, and spline shaft 
part 32 of the spindle shait and winding drum 3 can be 25 
more surely coupled via ring member 70 and ratchet 
wheel 50. 

[0057] Moreover, the construction may be such that in 
coupling mechanism 8 of this seat belt retractor 1 , the 
threading of cylinder 56 of ratchet wheel 50 and ring 30 
member 70 is formed in reverse threading, and when 
ring member 70 rotates with respect to cylinder 56 in the 
direction indicated by arrow A in Figure 7, by moving 
ring member 70 leftward and bringing it into contact with 
winding drum 3, spline shaft part 32 of spindle shaft 4 35 
and winding drum 3 are coupled via ring member 70 
and ratchet wheel 50. 

[0058] Next, we describe modified embodiments in 
which the embodiment is partially modified. In the 
description, parts that are the same as in the embodi- 40 
ment are labeled with the same symbol. 

1) Modified embodiment 1 ... see Figure 11. 

This seat belt retractor 1A is constructed so 
that, in coupling mechanism 8A, it has a thread- 45 
connection mechanism 80 that has female thread- 
ing 81 formed in winding drum 3A and male thread- 
ing 82 formed on ratchet wheel 50A, that is coupled 
with the part near the right end of spindle shaft 4 so 
that they cannot rotate relative to each other, and so 
that threads with female threading 81 , and by caus- 
ing ratchet wheel 50A and winding drum 3A to 
come into contact with each other, spline shaft part 
32 of spindle shaft 4 and winding drum 3A are cou- 
pled via ratchet wheel 50A. 55 

On right flange-shaped part 22 of winding drum 
3 A, fitting hole 26A is formed in its middle part and 
female threading 81 is formed on the circumferen- 



tial surface part of this fitting hole 26A; on ratchet 
wheel 50A, guide part 55A is formed integrally with 
its diameter smaller than that of its gear part 53 and 
on the left side of gear part 53; male threading 82 is 
formed on the left side of its guide part 55A; and the 
inside end face of fitting hole 26A and the left end 
face of guide part 55A are able to come into contact 
with each other. 

With this seat belt retractor 1A, approximately 
the same action and effect is performed as in the 
embodiment, but compared with the embodiment, 
ring member 70 can be omitted, simplifying its 
structure, which is advantageous for assembly and 
reduces the cost of making it And because spline 
shaft part 32 of spindle shaft 4 and ratchet wheel 50 
can move relative to each other in the left-right 
direction, expansion and contraction due to the tor- 
sional deformation of spindle shaft 4 can be 
allowed. 

2) Modified embodiment 2 ... see Figure 12. 

This seat belt retractor 1B is constructed so 
that, in coupling mechanism 8B, it has a thread- 
connection mechanism 85 that has female thread- 
ing 86 formed in winding drum 3B and male thread- 
ing 87 formed on the part near the other end of 
spindle shaft 4B that threads with female threading 
86; spindle shaft 4B and ratchet wheel SOB are 
formed integrally; and by causing the part near the 
right end of spindle shaft 4B and winding drum 3B 
to come into contact with each other, the part near 
the right end of spindle shaft 4B and winding drum 
3B are coupled. 

On right flange-shaped part 22 of winding drum 
3B, fitting hole 26A is formed in its middle part and 
female threading 86 is formed on the circumferen- 
tial surface part of this fitting hole 26B; guide part 
55B is formed integrally with right end part of spin- 
dle shaft 4B; male threading 87 is formed on the left 
side of its guide part 55B; and the inside end face of 
fitting hole 26B and the left end face of guide part 
55B are able to come into contact with each other. 
Also, ratchet wheel SOB is formed integrally with 
spindle shaft 4B on the right side of guide part 55B. 

With this seat belt retractor 1B, approximately 
the same action and effect is performed as in the 
embodiment, but compared with the first separate 
embodiment, ring member 70 can be omitted and 
spindle shaft 4B and ratchet wheel SOB are formed 
integrally, further simplifying its structure, which is 
advantageous for assembly and reduces the cost of 
making it. 

3) Otherwise, the cap member 35 can be omitted as 
a structure that engages one end part of the spindle 
shaft and the winding drum so that they are unable 
to rotate relative to each other, one end part of the 
spindle shaft and the winding drum may be made to 
engage directly, and one end part of the spindle 
shaft and the winding drum may be made to 
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engage via another coupling member instead of 
cap member 35. 

4) In the emergency locking mechanism that locks 
the part near the other end of the spindle shaft 
unrotatably, various emergency locking mecha- s 
nisms other than emergency locking mechanism 7 
of the embodiment may of course be applied. Also, 
various structures may of course also be applied in 
winding drum 3, rotation impelling mechanism 5, 
forced winding mechanism 6, etc. to 



[0059] Moreover, the seat belt retractor of this inven- 
tion is not limited to what has been described in the 
aforementioned embodiments; various modifications 
that do not deviate from the gist of this invention may be 15 
added, and it may be applied to seat belt retractors of 
various types. 

Claims 

20 

1 . in a seat belt retractor that has a winding drum on 
which the webbing is wound and a spindle shaft 
that functions as a torsion bar whose one end part 
engages with the winding drum so that they cannot 
rotate relative to each other, and that absorbs 25 
energy by torsional deformation of the spindle shaft 
during a vehicle emergency, 

a seat belt retractor that is characterized in that 
it has a coupling mechanism that allows tor- 30 
sional deformation of the spindle shaft during a 
vehicle emergency until the torsional deforma- 
tion rotation of one end of the spindle shaft with 
respect to the part near the other end reaches 
a prescribed value, and when the torsional 35 
deformation rotation reaches the prescribed 
value, it couples the part near the other end of 
the spindle shaft and the winding drum 
together so that they are unable to rotate rela- 
tive to each other. 40 

2. In a seat belt retractor that absorbs energy by tor- 
sional deformation of a torsion bar during a vehicle 
emergency, a seat belt retractor that is character- 
ized in that it has a winding drum on which the web- 45 
Ding is wound, a spindle shaft that is arranged so as 

to pierce this winding drum, whose one end part is 
engaged with the winding drum unrotatably relative 
to it, and that has a torsion bar part, an emergency 
locking means that unrotataWy locks the part near so 
the other end of the spindle shaft when a vehicle 
emergency occurs, and a coupling mechanism that, 
following operation of the emergency locking 
means, causes the winding drum and one end of 
the spindle shaft to rotate integrally by the tension ss 
acting on the webbing and allows torsional defor- 
mation of the spindle shaft until the torsional defor- 
mation rotation of one end of the spindle shaft with 



respect to the part near the other end in the web- 
bing pull-out direction reaches a prescribed value, 
and, when the torsional deformation rotation 
reaches the prescribed value, couples the part near 
the other end of the spindle shaft and the winding 
drum so that they cannot rotate relative to each 
other. 

3. A seat belt retractor as described in claim 1 or 2 that 
is characterized in that said coupling mechanism 
has a thread-connection mechanism that has 
female threading formed on one side of the part 
near the other end of the spindle shaft and the 
winding drum and male threading that is formed on 
the other side and threads into the female thread- 
ing. 

4. A seat belt retractor as described in claim 1 or 2 that 
is characterized in that said coupling mechanism 
has a thread-connection mechanism that has 
female threading formed on one side of a ratchet 
wheel and winding drum that constitute part of an 
emergency locking means that unrotatably locks 
the part near the other end of the spindle shaft 
when a vehicle emergency occurs, and male 
threading that is formed on the other side and 
threads into the female threading. 

5. A seat belt retractor as described in claim 3 that is 
characterized in that said coupling mechanism cou- 
ples the part near the other end of the spindle shaft 
and the winding drum by causing the part near the 
other end of the spindle shaft and the winding drum 
to come into contact with each other. 

6. A seat belt retractor as described in claim 4 that is 
characterized in that said coupling mechanism cou- 
ples the part near the other end of the spindle shaft 
and the winding drum by causing the ratchet wheel 
and the winding drum to come into contact with 
each other. 

7. A seat belt retractor as described in claim 1 or 2 that 
is characterized in that said coupling mechanism 
has a ring member that is thread-connected on the 
outside with the part near the other end of the spin- 
dle shaft, and that fits inside the winding drum unro- 
tataWy with respect to it. 

8. A seat belt retractor as described in claim 1 or 2 that 
is characterized in that said coupling mechanism 
has a ring member that is thread-connected on the 
outside with a ratchet wheel that constitutes part of 
an emergency locking mechanism that unrotatably 
locks the part near the other end of the spindle 
shaft when a vehicle emergency occurs, and that 
fits inside the winding drum unrotatably with respect 
to it. 
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9. A seat belt retractor as described in claim 7 or 8 that 
is characterized in that the outside circumferential 
part of said ring member is constituted in a spline 
shape, and the ring member is spline-joined to the 
winding drum. 5 

1 0. A seat belt retractor as described in claim 7 or 8 that 
is characterized in that said ring member is fitted 
inside with respect to the winding drum so that it 
can move with respect to its shaft-center direction. io 

1 1 . A seat belt retractor as descrfced in claim 7 that is 
characterized in that said coupling mechanism cou- 
ples the part near the other end of the spindle shaft 
and the winding drum by causing the ring member 15 
and the winding drum to come into contact with 
each other. 

12. A seat belt retractor as described in claim 9 that is 
characterized in that said coupling mechanism cou- 20 
pies the part near the other end of the spindle shaft 
and the winding drum by causing the ring member 
and the ratchet wheel to come into contact with 
each other. 
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